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ABSTRACT 
F:ffc*ct of temperature on urediniospore production in 
Puce-inirr cirtlchidis was investigated under monocyclic infection 
iising th~tidirtd leaves of the susceptible peanut (Arachis 
h y p p w f i  1,. ) cultivar TMV 2. Urediniospores produced at 
di ffvrcwt tcwiperatures were also examined for their germinability 
in oitro ‘I’hc optimal temperature for urediniospore production 
was at i i l ) o i l t  20 and 25 C. Temperatures below 20 C or above 30 
C wi‘rc- liiglily detrimental to urediniospore production. There 
werv also inarked differences in the percent germination of 
11 r P tl i n I o s  po  re s produced a t  different t e m p e r  at  u r e s . 
Urediniospores produced at 20 and 25 C showed the highest 
gerrninirt ion  percentages. The interaction of temperature with 
uret1iiriosp)rc~ production and germinability is important in 
untlcwtiintling the development of peanut rust epidemics. 
Kv!. Words: Peanut, groundnut, Arachis hypogaea, rust, 
Yur.ciiri~ crrtrc:htdis, epidemiology. 
Rust, v ; i i i s ~ I  hy Puccinia aruchidis Speg., is an important 
foliar diseiw of‘ peanut (Arachis hypoguea L.) in all major 
peanut-prorlucing areas of the world (6). Climatic factors 
such as rainfiill, temperature, and relative humidity have 
been reported to be important in the development of 
peanut rust cbpidemics (3). Availability of water on the leaf 
surfaces for over 6 hr and temperatures of 20-25 C are 
necessary f’or tircdiniospore germination and infection (6,9). 
Rust devclopnient is most rapid when temperatures are 
around 2S (;, I)ut decreases at lower or higher tempera- 
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tures. Although the sporulation index was found to be 
highest at temperatures of20-25 C (Subrahmanyam, unpubl. 
data), the optimum temperature for urediniospore produc- 
tion was not determined. In addition, information on the 
germinability of urediniospores produced at various 
temperatures would be useful in understanding the 
epidemiology of peanut rust. 
This paper reports investigations on the effects of tem- 
perature on urediniospore production by P. aruchidis and 
the germinability of urediniospores produced at different 
temperatures. 
Materials and Methods 
Plant Material. Potted plants of the rust-susceptible peanut cultivar 
TMV 2, were raised in a glasshouse as described by Subrahmanyam et al. 
(7). At 40 d after sowing, the middle leaf on the main stem of each plant 
was excised through the pulvinus and leaves were arranged in plastic 
trays (56 x 25 x 5 cm) with their petioles buried in steam-sterilized river 
sand moistened with Hoagland’s nutrient solution. There were four 
replications arranged in randomized blocks. Each replicate treatment 
consisted of two leaves. The trays were covered with a thin plastic sheet 
and incubated for 24 hr in a plant growth chamber (Percival Refrigeration 
and Mfg. Co., Boone, IA 50036) at 25 C with 12 hr photoperiod (5000 
lux). 
Inoculation. Urediniospore inoculum was produced on detached 
leaves of TMV 2 in a plant growth chamber. Uredmiospores were 
harvested using a cyclone spore collector (ERI Instrument Shop, Iowa 
State University, Ames, IA 50011) and suspended in sterile distilled 
water containing traces (10 drops/1000 mL) of Tween 80 (polyoxyethy- 
lene sorbitan mono-oleate). The suspension was adjusted to a 
concentration of approximately 50,000 spores/mL using a 
hemocytometer. Leaves were inoculated with the urediniospore 
suspension sprayed on with a plastic atomizer. Leaves were then incu- 
bated in a plant growth chamber at 25 C with a 12 hr- photoperiod 
(5000 lux). 
At 14 d after inoculation, when there was 100% rupturing of uredinia, 
the number of uredinia per leaf was counted. Urediniospores were 
collected using a cyclone spore collector from each set of leaves and 
discarded. The leaves were then transferred to plant growth chambers 
for incubation at 10, 15,20, 25, 30 and 35 C. 
Urediniospore Production. Urediniospores were collected using a 
cyclone spore collector into 5-mL glass vials from each set of leaves 
incubated at various temperatures for 2 ,4 ,6 ,8 ,  10, and 12 d after initial 
spore removal. Known volumes of distilled water containing Tween 80 
were added to the vials which were then shaken for 1 min on a \o r to \  
mixer. Using a hemocytometer, six separate aliquots from each vial were 
examined under the microscope to determine the number of 
urediniospores present. Urediniospore output per uredinium at various 
temperatures was calculated by dividing total numbers of urediniospores 
by the number of uredinia per leaf. 
Urediniospore Germination. Portions of the urediniospore 
suspensions prepared at 4, 8, and 12 d after initial-spore removal were 
used to assess the germinability of urediniospores produced at each 
temperature. Urediniospore suspensions were streaked over the surface 
of 2% water agar in 9-cm-diameter glass petri dishes. Five petri dishes 
were prepared for each replicate treatment. The petri dishes were 
incubated in dark for 3 hr at 25 C and then exposed to formaldehyde 
vapor to prevent further germination and germtube growth. A total of 
500 urediniospores (100 sporedpetri dish) was examined for each 
treatment under a stereomicroscope (x 70) and the percentage 
germination was recorded. 
The experiments were conducted three times on different dates. 
Analyses of variance (ANOVA) were performed initially for each 
experiment to examine the effects of various temperature levels on 
urediniospore production and their germinability. Further analysis was 
carried out on combined data from all experiments. Regression equations 
relating the temperature x mean urediniospore production and 
temperature x mean germinability of urediniospores were constructed. 
Results and Discussion 
In the present study, the pathogen was allowed to establish 
in the host tissues until the maturity of uredinia by incubating 
the leaves at 25 C. The leaves were then transferred to 
various temperatures to  investigate the effects of 
temperature on urediniospore production and germinability 
of urediniospores. 
Effect of Temperature on Urediniospore 
Production. There was a highly significant (P = 0.01) 
effect of temperature on urediniospore production. The 
mean number of urediniospores produced per uredinium 
increased with increase in temperature ( R2 = 0.92) from 10 
to 20 C and then decreased from 25 to 35 C (Fig. 1). This 
agrees with the findings of Savary (3). Similar trends in the 
production of urediniospores have also been observed in 
various other rust pathogens such as P. horrlei (8), P. 
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gr-(/r)/itiis I ‘  \ I )  / r i / / ( * i  (21, ;iritl 1’. r-ecnndita (1). Highest 
nu inbc-rs of 11 r ( ~  I i 1 1  i c  ) h p c  11x3s 1x.r iiredinium were produced 
at 2S (; I)cbtufcbc*ir 2 ; r t i c l  (i ( 1  ; i f ’ t c b i .  initial spore removal and at 
20 C l ~ e t w ~ ~ ~ ~  S ;i11(1 1‘3 (1 ;iftilr- iiiitial spore removal. In 
general, tenipc~r;itiirc*s 2O ; i t i ( l  2S (; were most optimal for 
urediniosporc- proc11 ic- t  i o l i .  IJ r-etliriiospore production was 
very low (<HI0 sporcis/iirtitlirii~iin) on all sampling days at 
10, 15 and 35 C: (Fig. 1 ). 
Germinability of Urediniospores. There was a highly 
significant (P  = 0.01, I<‘ = 0.W) r-fleet oftemperature on the 
germinability of urt.(liniosI~or(ls. IJrediniospores produced 
at 20 and25 C showed thy Iiigliest germination percentages 
on water agar at all times ofsanrpling (Fig. 2). Temperatures 
below 20 C or above 2.5 C were less conducive to spore 
germinability. Urediniospores produced at 35 C had the 
lowest percentage germination of all times of sampling 
(Fig. 2) 
Urediniospore production and germinability were very 
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Fig. 2. Germinability of urcdiniospores of Puccinia arachidis 
produced :it diffc-rent temperatures. Each value denotes a 
mean of thrccb \iitn1)lcs (4, 8 ,  and 12 d after initial spore 
rcrnoviil) coIIeetccl iit different temperatures in three 
c x p ~ r i i n ~ n t s  conductctl OII different dates. 
UERDINIOSPORE PRODUCTION AND GERMINABILITY IN PUCCINIA RACHIDIS 
have an important bearing on the development of peanut 
rust epidemics in areas where the atmospheric temperatures 
are either below 20 C or above 30 C for prolonged periods. 
In Hytler;hd, located in peninsular India, rust development 
is slow ant1 less severe on peanut crops grown during the 
dry, postrainy (Dec. to May) seasons (5) .  Although day 
temperatures are optimum (mean 28 C)  for rust 
developirierit during the early part of the season (Dec. to 
Feb.), night temperatures are low (mean 13 C). In the later 
part of‘thp season (April-May), day temperatures are high 
(mean 38 (;) and the night temperatures are optimal (mean 
25 C) f o r  rust development. These fluctuations in 
temperature could be important in explaining the reduction 
of rust tlr.vc.lopment and severity in the postrainy season 
peanut crops. Further studies are necessary to relate the 
temperaturc duration during the day or night on spore 
prodiirtion m c l  germinability. 
Subrahinanyam et al. (7) reported that even under 
optimal tcwipcratures the production of uredmiospores 
was vcry low and urediniospore viability was poor in 
rust-rc.sistant peanut genotypes. Further research is 
necessary t o  determine the genotype and temperature 
interact ion (111 urediniospore production and germinability. 
Such i1lfi)rrrlittion would be useful in understanding 
the host -pdiogen-environment interaction in peanut rust 
epidemicks. 
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